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Parameters

Temperature ( degree C )
-Air =5
" Coolant = -15

Heat transfer coefficient : h (W/m”2 k)
-Air =3
- Coolant = 700

Thermal conductivity : k (W/m k)

‘Silicon(chip) = 148
‘Glass = 1.0

‘Gold = 317
‘Copper = 401
‘BeO = 248

‘Glue =0.1
‘Carbon Fiber = 372(0 deg.) / 1(90 deg.) Heat rate.
‘PEEK = 0.25 0.5 W/chip

‘Polyimide = 0.12



Geometry of BeO miniPC used in this simulation
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Thermal distribution of BeO miniPC
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Thermal distribution at the glue layer

AN

NODAL SOLUTICHN

SEP 18 20072
STEP=1 v ¥ 11:33:03
sSUB =1 :
TIME=1
TEMP {AVGC)
EsYS=0
SMN =-3.208
SMX =2.556

(C)
-3.208B -1.927 -.646131 .634708 1.916

-2.567 -1l.207 -, DOST11 1,275 2.556




Modifying the thermal conductivity of gold vias

Measured thermal conductivity is usually less than the

pure metal conductivity.

Modified k_gold = (k_gold_pure) * (275 / k_silver_pure)

= 203 (W/m k)
Results
k_gold (W/m k) Max. Temp.(C)
Pure 317 5.66
Modified 203 5.83

This effect 1s small.



Geometry of polyimide miniPC used in this simulation

(top) }
£
0.038 mm % 39cm
0.25mm (front) v
copper vias 5.08 cm

polyimide (0.38 mm)
copper (0.009 mm)
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45mm 16mm  45mm



Maximum temperature of polyimide miniPC,
for different number of vias .

# of vias
Under each chips | Between the copper GNDs Max.Temp.(C)
4 10 40.59
4 20 40.15
9 10 32.41
9 20 32.36

The number of vias under the chips contributes the temperature,
but between the GNDs doesn't.



Changing thickness of the copper GNDs
(for polyimide MPC with 9 vias under the chips and 20 between the GNDs. )

. 9um 9um 18um 18 um 27 um 36 um

I ffffffff 9um 18um 9um 18um 9um 9 um

i(l) i(Z) i(?)) l(4) l(5) l(G)

Max. Temp.(C) 32.36 31.63 22.57 22.2 18.24 15.74

Up-side GND helps cooling down,
but down-side doesn't .



Thermal distribution for the case (4)
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Thermal distribution at the GND layers for the case (4)

up-side

down-side
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Thermal distribution at the glue for the case (4) AN
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Thermal Flux for the case (4)
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Heat flows mainly through the vias under the chips and then
spreads out through the up-side copper GND.



Comparing the temperature of miniPC which have
different vias positions (for case (8))

A B
Max. Temp. (C)
A 15.735
B 15.726

Positions of the vias between the GNDs give little contribution to the temperature .



Extending the vias to the "down-side" ground

Not using the side vias, extend the vias under the chips
to the "down-side" ground and move the down-side

digital ground there. (thickness of GND = 18 um)




Thermal distribution for 9 vias MPC

NODAL SOLUTION

STEP=1

sup =1

TIME=1

TEMP (AVC)
RSYS=0

SMN =-10.13
SMX =14.276

T

(C)

. ~14.28C

ANEYS 6.1
SEP 18 20013
09:44:50

=10.13
*7.418

-4.706 .71741 6.141 11.565
*1.994 3.42% €.853 14.276




Thermal distribution at the GND layers for 9 vias MPC

up-side

down-side
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Thermal distribution at the glue layer for 9 vias MPC

NoDAL ECQLUTICHN

STEP=1

suB =1

TIME=1

TEMP (AVC)
RSYS=0

SMN =-4 _896
SMX =8.531

(C)

-4 .896

-3.404 - 420084

ANEYS 6.1
SEF 18 2002
09:50:05

7.039

B.531




Thermal flux for 9 vias MPC
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6 vias MPC (Change the number of vias (9 -> 6).)

Transceiver chip

. A
° /O Positions of the vias
® adoe W
e o a=w/2.5,w/3,w/4,w/5, w6
bal v =1.04 , 0.87, 0.65, 0.52, 0.43 (mm)



Max. temp. (C)

20 7 a(mm) |Max. Temp.(C)
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L |
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Wide distance between
the vias is better.



Thermal flux for 6 vias MPC

‘a=1.04 mm
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Thermal distribution ( for 6 vias MPC : a=0.65mm)
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Thermal distribution at the GNDs ( for 6 vias MPC : a=0.65 mm)

up-side

down-side

AN AN
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Thermal distribution at the glue layer ( for 6 vias MPC : a=0.65 mm)
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Cutting the edge of the down-side GNDs (for 6 vias MPC : a=0.65 mm)

5 mm¢

. 1 AN
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Thermal distribution at the GNDs (for 6 vias MPC : a=0.65 mm)

up-side

down-side

6 1l8gnd cut 4

6 1l8gnd cut 4
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 _____EEEES——— ] — —
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Thermal distribution at the glue layer
(for 6 vias MPC : a=0.65 mm )
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Modifying the "down-side" GNDs. (for 6 vias MPC : a=0.65 mm)

a.g.

. ag.

. a.g.

W

-

|

o

5
)

Maximum temperature ( C )

(mm)
w\r 3 4 5 6
3 19.23 | 18.57 | 18.07 [17.69
4 19.00 | 18.40 | 18.02 |17.71
5 18.71 1 18.32 | 18.01 |17.71
6 18.37 | 18.23 | 17.96 |17.71

cf ) not modified : ~18.48 C



Thermal distribution
(for 6 vias MPC : a=0.65 mm : w\r = 3mm\6mm)
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Thermal distribution at the GND layers

up-side

(for 6 vias MPC : a=0.65 mm : w\r = 3Smm\6mm)

down-side
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Thermal distribution at the glue layer

(for 6 vias MPC : a=0.65 mm : w\r = 3Smm\6mm)

NODAL SOLUTICH ANSYS 6.1

SEP 23 2002
STEP=1 : 14:23:13
guB =1
TIME=1
JEXPANDED
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REYS=0
EMN =-5.182
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-5.182 -1.935 1.312 4.56
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Air in the glue
for BeO and polyimide MPC(w/r=3/6)

Remove the epoxy in this area and replace it with air

BeO MPC Polyimide MPC \
4mm1 Sk \] D \] () @)
e

a.g. |dg ag |dg ag.

(k ;. = 0.023 W/m-K)

Result BeO |Polyimide
normal | 5.66 17.69
1 hole 5.94 19.71
2 holes | 5.99 19.87 ()
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il i JAL SOLUTION ANSYS 6.1
, SEP 26 3002
e 1 g e . SEP 26 2002
‘1 T 55 15:08:58
TIME=1 i
TEMP {AVC) 53 {AVC)
RSYS=0
S=0
SMN =-9.335
1 =-3.183
SMX =5.936 R
| -9.335 -5.942 -2.548 .B45B83 4.24 -3.183 -1.923 - 664029 .595215 1.854
-7.638 -4.245 - .B50879 2,543 5.936 -2.553 -1.294 -.034407 1,225 2.484
T
NODAL SOLUTIOCHN ANSYS 6.1 AL SOLUTION ANSYS 6.1
STEP=1 HER. 454004 - SEP 26 3002
SUB =1 L3303 204 5 15:05:33
TIME=1 [y
TEMP {AVC) P {AVC)
RSYS=0 '5=0
sMm --9 331 | =-3.155
SMX =5.987 RNyt
2 holes
+9.321 ~5.92 -1.518 .BBaz229 4.286 +3.155 -2.007 -.86011L1 .287238 1.435
-7.621 -4.219 -.BlE718 2,585 5.987 -l.434 - 7 860913 2.008




Polyimide MPC..

1 hole

AN 1 AN
NODAL SOLUTION
I Op SEP 27 2002 Glue SEP 27 2002
STEP=1 01:27:14 STEP=1 01:-38:-213
sue =1 suUB =
TIME=1 TIME=1
TEMP {AvVC) TEMP tave)
RSYS=0 RSYS=0
SMN =-10.186 SMMN =-5.052
SMX =19.707 SMX =9.624
-10.186 -3, 3.1 9.742 -5.052 1.79 1.471 4.732 7.993
-6.8 -.2217H 6.421 13.064 18.707 -3.421 -.15981% 3.101 6.363 9.624
£ 18~nAd ~ra Rhaikl
= AN T AN
NODAL SOLUTION
SEP 26 2002 NODAL SOLUTION SEP 26 2002
STEP:I 23:08:19 STEP=1 23:06:-32
suB =1 SUB =1
TIME=1 TIME=1
/EXPANDED JEXPANDED
TEMP (AVG) TEMP {AVG)
REYS=0 ERYS=0
2 holes - .22 o =500
MX =19.868 SMX =8.558
| EEESS  ESSS |
-10.172 487 3.179 9.855 16.53 -5.022 -2..004 4.032 7.049
-6£.83% - . 1L5B873 6.817 13.193 19 _BES -3.511 - . 495111 2.523 5.54 B.S558

6 l8gnd crc3 6bub

6 18gnd crc3 bbub




Polyimide MPC

Up-side GND AN D ide GND AN
O p-Sl e NODAL SOLUTION OWD'Sl e
SEP 27 2002 - SEP 27 2002
STEP=1 11:17:49 STEP=1 11:20:49
suB =1 suB =1
TIME=1 TIME=1
TEMP {AVG) TEMP {AVG)
RSYS=0 RSYS=0
SMN =-3.398 SMN =-3.964
SMX =16.559 SMX =15.845
1 hole
— —
-3.388 1 5. 5.806 14.341 -3.964 .438158 4,84 13.644
«1.18 3.264 7.688 12.124 16.559 »1.763 1.639 7.041 11.443 15.845
NODAL SOLUTICHN ANSYS 6.1 NODAL SOLUTIOHN r ANsyYs 6.1
i [ A
sue =1 B 8UB =1 T
TIME=1 TIME=1
JEXPANDED JEXPANDED
TEMP {AVG) TEMP {AVG)
RSYS=0 RSYS=0
SMN =-3.362 SMN =-3.931
SMX =16.6396 SMX =15.949
2 holes
— L EaE—— | —
=3.362 1.085 5.552 10.01 14 .467 -3.831 .4865135 4.904 12.74
+1.133 3.324 7.781 12._238 16.696 «1.722 2.688 L ; 31 15.0640

6 18gnd crc3 b6bubZ

6 l8gnd crc3 6bub2




